Introduction {#s0001}
============

Among the natural products found in plants, flavonoids and their glycosides constitute one of the largest classes of natural compounds known. Flavonoids are very common and widespread secondary plant metabolites. They have a wide range of biological and physiological activities and serve as chemotaxonomic marker compounds (Cuyckens & Claeys [@CIT0017]). Flavonoids are diphenylpropanes (C~6~C~3~C~6~) with different numbers of hydroxyl groups attached to the ring structures. They occur primarily in conjugated form, with one or more sugar residues linked to hydroxyl groups. Associations with other compounds, such as carboxylic acids, amines and lipids as well as linkages with other phenols are also common. The growing interest in flavonoids is primarily due to their antioxidant activity, which is closely linked to their structure (Cook & Samman [@CIT0016]; Bravo [@CIT0013]; Moure et al. [@CIT0038]). Flavonoids can act as reducing agents, hydrogen-donating antioxidants and singlet oxygen quenchers.

Searching for new compounds, and also for quality control, there is a need to have reliable methodology for the analysis of flavonoids in medicinal plants. *Juniperus phoenicea* L. (Cupressaceae) is considered as an important medicinal plant largely used in the Tunisian traditional medicine. Its leaves are used in the form of a decoction to cure many diseases such as diarrhoea, bronchitis, rheumatism (Madar [@CIT0032]; Bellakhder [@CIT0009]), and diabetes (Amer et al. [@CIT0005]; Allali et al. [@CIT0004]). Most of the works reported in the literature to date have focused on the chemical composition determination of *J. phoenicea* essential oil (Adams et al. [@CIT0002]; Rezzi et al. [@CIT0044]; Cavaleiro et al. [@CIT0014]; Barrero et al. [@CIT0007]; Keskes et al. [@CIT0028]), whereas only limited data are reported on the nonvolatile components of leaves and/or twigs of other juniper varieties (Nakanishi et al. [@CIT0041], [@CIT0040], [@CIT0039]). These studies have shown that the main identified classes of metabolites are flavonoids and biflavonoids.

In our previous study, we evaluated the antioxidant property of various extracts from *J. phonicea* leaves and the *in vitro* inhibitory activity against α-amylase and lipase (Keskes et al. [@CIT0028]). This work investigates, for the first time, the chemical composition of hexane extract from *J. phonicea* leaves and of active fractions obtained from the methanol extract fractionation using gas chromatography coupled with mass spectroscopy (GC-MS) and high-performance liquid chromatography coupled with mass spectroscopy (HPLC-MS) techniques, respectively. In addition, we were interested in the purification of the active fraction obtained from methanol extract chromatography as well as in the identification and the α-amylase inhibition activity evaluation of the purified compound.

Materials and methods {#s0002}
=====================

Collection of plant material {#s0003}
----------------------------

Leaves of *J. phoenicea* were collected in October 2011, from local Ain Silisla El Oyoun Company in Kasserine Governorate in west-central Tunisia. The collected plant was identified by Professor Mohamed Chaieb of the Botany and Plant Ecology Department. A voucher specimen of *J. phoenicea* (LCSN 126) was deposited at the Laboratory of Chemistry of Natural Substances, Faculty of Sciences, Sfax.

Chemicals {#s0004}
---------

2-Chloro-4-nitrophenyl-α-[d]{.smallcaps}-maltotrioside (CNPG3) was purchased from Biolabo Reagents (Nord-Pas-de-Calais-Picardie, France), acarbose from Pharmaghreb (Tunisia), dimethylsulfoxide (DMSO) from Merck (Darmstadt, Germany) and porcine pancreatic α-amylase (PPA) was procured from Sigma-Aldrich (St. Louis, MO). Methanol, acetic acid, and acetonitrile HPLC-grade solvents were purchased from Riedel-de Haen (Seelze, Germany). The solvents were of appropriate purity. 1,1-Diphenyl-2-picrylhydrazyl (DPPH) was purchased from Sigma-Aldrich (Chemie Gmbh, Steinhein, Germany). Double-distilled water was used in the HPLC mobile phase. All the other chemicals used were of analytical grade.

Extraction of plant material {#s0005}
----------------------------

The dried powdered leaves of *J. phoenicea* (130 g) were extracted sequentially by maceration in hexane (4 × 600 mL), ethyl acetate (EtOAc) (4 × 600 mL) and MeOH (4 × 600 mL) at room temperature and concentrated under vacuum at 40 °C to afford 6.25, 6.88 and 21.8 g, respectively. The methanol extract (4 g) was subjected to column chromatography on Sephadex LH-20 (Amersham Pharmacia Biotech AB, Uppsala, Sweden) (MeOH) to give 3 fractions (Fr 1-Fr 3).

Gas chromatography/mass spectrometry (GC/MS) analysis {#s0006}
-----------------------------------------------------

GC/MS analysis of *J. phoenicea* leaves' hexane extract was performed using an Agilent 7890A mass spectrometer coupled to an Agilent 7000 gas chromatograph. An aliquot of extract (1 mL) was then injected into the GC/MS apparatus. Next, the data were displayed on a HP~5~MS column, 30 m in length, 0.25 mm i.d. and 0.25 μm in thickness (Agilent Technologies, J&W Scientific Products, Santa Clara, CA). The carrier gas was helium. GC oven temperature started at 100 °C and was held for 1 min at 260 °C and then for 10 min with program rate 4 °C/min. The injector and detector temperatures were set at 250 and 230 °C, respectively. The mass range was scanned from 50 to 550 amu. The identification of components was based on the comparison of their mass spectra with those of NIST mass spectral library (Davies [@CIT0018]; Massada [@CIT0035]).

High-performance liquid chromatography/mass spectrometry (HPLC/MS) analysis {#s0007}
---------------------------------------------------------------------------

Flavonoids compositions of fractions (Fr1--Fr3) obtained from the methanol extract fractionation were determined using a Hewlett-Packard 1100 chromatograph (Agilent Technologies, Santa Clara, CA) with a quaternary pump and a diode array detector (DAD). The column is coupled with an MSD Ion Trap XCT mass spectrometer (Agilent Technologies, Santa Clara, CA) equipped with an electrospray ionization interface (ESI). Fractions were injected onto a C-18 column (4.6 × 25 cm, 5 μm; Phenomenex UK, Macclesfield, UK). The solvents used were 90% acetic acid--water (A) and 10% MeOH (B). The elution gradient was isocratic 10% B for 5 min, 10--100% B over 20 min, 100% B for 6 min, and re-equilibration of the column, using a flow rate of 200 μL/min. Spectra were recorded in negative and positive ionization mode between *m/z* 50 and 1200.

Semi-preparative high-performance liquid chromatography (semi-prep HPLC) {#s0008}
------------------------------------------------------------------------

The active fraction (Fr 2) recovered from the methanol extract fractionation was purified with semi-prep HPLC using an Agilent 1260 LC system (Agilent, Waldbronn, Germany) equipped with a 5 μm Agilent Eclips XDB-C~18~ column (9.4 × 250 mm i.d.; Dikma Technologies, Beijing, China). The following solvent and gradient systems were used. Solvent system: A: water; B: acetonitrile; gradient: linear gradient from 80% A to 20% B within 5 min; followed by a 30 min linear gradient 20 to 100% B, then 100% B for 5 min. The flow rate was 1 mL/min and the injection volume was 100 μL.

DPPH radical-scavenging effect assay {#s0009}
------------------------------------

DPPH (1,1-diphenyl-2-picrylhydrazyl) radical-scavenging effect was evaluated following the procedure described in a previous study (Feki et al. [@CIT0019]). Various concentrations of extracts and fractions (5 μL) dissolved in methanol were added to 5 mL of a 0.004% methanol solution of DPPH. After a 30 min incubation period at room temperature, the absorbance was read against a blank at 517 nm. Inhibition of free radical, DPPH, in percent (*I*%) was calculated as follows:$$I\%\quad = \quad(A_{blank} - A_{sample}/A_{blank}) \times 100$$ where *A*~blank~ is the absorbance of the control reaction (containing all reagents except the studied sample) and *A*~sample~ is the absorbance of the studied sample. Extract concentration providing 50% inhibition (IC~50~) was calculated from the graph plotted of inhibition percentage against extract concentration. The synthetic antioxidant reagents BHT and vitamin E were used as positive control and all tests were carried out in triplicate.

α-Amylase inhibition assay by CNPG3 method {#s0010}
------------------------------------------

The *in vitro* α-amylase inhibition activity of extracts and fractions from *J. phoenicea* leave was determined based on the spectrophotometric assay using acarbose as the reference compound (Gella et al. [@CIT0020]). The studied sample was dissolved in DMSO to give concentrations of 50, 100, and 200 mg/mL. The enzyme solution was prepared by mixing α-amylase in 100 mL of 40 mM phosphate buffer, pH 6.9. The assays were measured by mixing 80 mL of the studied sample, 20 mL of α-amylase solution, and 1 mL of 2-chloro-4-nitrophenol-α-[d]{.smallcaps}-maltotrioside (CNPG3). The mixture was incubated at 37 °C for 5 min. The absorbance was measured at 405 nm spectrophotometrically (Jenway 6405 UV/Visible, Staffordshire, UK). Similarly, a control reaction was carried out without the studied sample or acarbose. Percentage inhibition was calculated by the following expression and all tests were carried out in triplicate: $${PI}\quad = \quad\lbrack({Absorbance}_{Control} - {Absorbance}_{Test})/{Absorbance}_{Control}\rbrack\quad \times \quad 100$$

Statistical analyses {#s0011}
--------------------

The values were expressed as mean standard deviation of three parallel measurements. The data were evaluated by a one-way analysis of variance using Microsoft Excel 2000 (Microsoft Corporation, Syracuse, NY), and differences between the means were determined using Student's *t*-test. Values were considered statistically significant when *p* \< 0.05.

Results and discussion {#s0012}
======================

Chemical composition of hexane extract {#s0013}
--------------------------------------

GC/MS analysis of the hexane extract from *J. phoenicea* leaves enabled the identification of 36 compounds ([Table 1](#t0001){ref-type="table"}) belonging to different chemical families. The hexane extract contained 56.5% of sesquiterpene hydrocarbons: α-humulene (16.9%), pentadecane (10.2%), α-cubebene (9.7%) and β-cadinene (4.9%) were the major compounds in this fraction. The monoterpene hydrocarbons represented 18.4% consisting mainly of δ-3-carene (5.8%). The oxygenated sesquiterpene fraction represented 3.3% along with other minor constituents. According to our knowledge, the chemical composition of hexane extract from *J. phoenicea* leaves, investigated by gas chromatography coupled with mass spectroscopy (GC/MS), was performed for the first time in this study. The hexane extract from plants may contain some fatty acids/methyl esters and straight chain alkanes (Kumar et al. [@CIT0030]; Abad et al. [@CIT0001]). It was reported that the secondary metabolites and bioactive phyto-constituents identified by GC/MS in hexane extracts from plants possess antimicrobial, anti-inflammatory, antioxidant and antidiabetic activities (Kumar et al. [@CIT0030]; Marzoug et al. [@CIT0034]; Abad et al. [@CIT0001]; Keskes et al. [@CIT0028]).

###### 

Chemical composition of hexane extract from *Juniperus phoenicea* leaves analyzed by GC-MS.

  RT (min)   Compounds                KI     \%
  ---------- ------------------------ ------ ------
  4.16       β-Phellandrene           1027   10.8
  8.75       α-Humulene               1452   16.9
  9.96       Sabinene                 969    0.1
  10.43      β-Myrcene                988    0.1
  10.98      δ-3-Carene               1008   5.8
  11.54      δ-Limonene               1032   0.1
  14.87      α-Thujene                924    0.2
  15.06      *trans*-Verbenol         1144   0.1
  17.54      β-Citronellol            1228   0.1
  18.21      Vetiverol                1238   0.1
  20.77      Cyclohexene              1197   1.5
  21.73      β-Bourbonene             1387   0.8
  21.86      Γ-Muurolene              1518   0.5
  22.63      γ-Elemene                1436   2.7
  23.49      β-Cadinene               1476   4.9
  24.17      Germacrene D             1441   0.5
  24.30      β-Selinene               1488   1.2
  24.46      β-Cubebene               1391   1.5
  25.03      Cedreanol                1692   1.2
  25.25      Epizonarene              1450   1.8
  25.40      Cadina-1,4-diene         1535   0.4
  25.80      Elemol                   1549   0.3
  26.0       Germacrene B             1533   0.2
  27.67      τ-Murolol                1650   1.7
  27.95      α-Cubebene               1355   9.7
  34.54      Hexadecanoic acid        1957   0.2
  37.0       Citronellyl acetate      1351   0.4
  39.49      Benzenepropanoic acid    1412   0.7
  40.01      4-*epi*-Abietal          2303   1.7
  41,10      Ferruginol               1970   0.5
  41.95      Pentadecane              1500   10.2
  42.0       4-*epi*-Palustric acid   --     3.6
             Total                           80.5

RT**:** Retention time; KI: Kovats Index on DB-5MS column in reference to n-alkanes.

Chemical composition of fractions from methanol extract {#s0014}
-------------------------------------------------------

The methanol extract from *J. phoenicea* leaves was subjected to a column chromatography on Sephadex LH-20 eluted with MeOH to afford three fractions (Fr1--Fr3) according to their thin-layer chromatography (TLC) profile. The chemical composition of these fractions was determined using the HPLC-MS-UV technique. The obtained chromatograms are shown in [Figure 1](#F0001){ref-type="fig"}. Accordingly, all the detected peaks present flavonoid-type UV spectra composed of two bands: *λ*~max~ values of the first and the second band ranges between 320--370 nm and 250--280 nm, respectively. [Table 2](#t0002){ref-type="table"} lists the identified compounds in fractions Fr1--Fr3. Structure assignment of flavonoids, for which no standards were available, was based on a systematic search for molecular ions using extracted ion mass chromatograms and comparing them with data in the literature (Grayer et al. [@CIT0021]; Bouaziz et al. [@CIT0011]; Heneidak et al. [@CIT0024]). Our discussion focuses on the identification of the most interesting compounds. Flavonoids are generally part of a complex mixture isolated from plant extracts, making a purification step necessary for adequate analysis. Also, since the amount of plant extracts is often limited, on-line techniques are to be preferred as they have the additional advantage of providing faster analysis. GC-MS technique is not widely used in flavonoid analysis owing to the limited volatility of flavonoid glycosides. Hence, derivatization is needed, making the analysis more time consuming, and the fragmentation patterns of the derivatives are often difficult to interpret. Since the development of atmospheric pressure ionization (API) sources, HPLC-MS technique has become more efficient and easy to use, making it by far the most popular technique for flavonoid analysis nowadays.

![Chromatographic profiles at 330 nm of the fractions (Fr2, Fr3, and Fr4) of methanol extract. The numeration is that of [Table 2](#t0002){ref-type="table"}.](IPHB_A_1230139_F0001_C){#F0001}

###### 

Identification of the principal compounds in fractions Fr 1-3 by HPLC-MS-UV.

  Peaks   Compounds                         RT(min)   *λ*~max~(nm)    \[M − H\]^−^;fragmentions
  ------- --------------------------------- --------- --------------- ---------------------------
  1       Quercetin 3-*O*-glycoside         20.4      256; 350        463; 301
  2       Isoscutellarein 7-*O*-pentoside   22.5      275; 303; 328   417; 285
  3       Amentoflavone                     25.9      230; 269; 332   537; 375
  4       Quercetin 3-*O*-pentoside         20.9      257; 362        433; 301

RT**:** Retention time.

Compound **1** in Fr 1 ([Figures 1](#F0001){ref-type="fig"} and [2](#F0002){ref-type="fig"}) exhibited a base peak \[M − H\]^−^ at *m/z* 463 and a strong fragment related to an aglycon ion at *m/z* 301. The loss of 162 amu from the pseudomolecular is related to the sugar glucose. The *λ*~max~ in the UV spectrum at 256 and 350 nm suggests that compound **1** is a quercetin 3-*O*-glycoside (Boukhris et al. [@CIT0012]). The identification of this compound was confirmed by comparing its HPLC retention time and UV and mass spectra with those obtained for standard, analyzed in the same conditions.

![Nomenclature adopted for the retrocyclization fragments of biflavone (illustrated on amentoflavone).](IPHB_A_1230139_F0002_B){#F0002}

Compound **2** in Fr 1 ([Figures 1](#F0001){ref-type="fig"} and [2](#F0002){ref-type="fig"}) showed a base peak \[M − H\]^−^ at *m/z* 417 and an MS~2~ fragment at *m/z* 285 corresponding to an aglycone. These data suggested that compound **2** would be identified to either luteolin or isoscutellarein. The loss of 132 amu is attributed to mono-*O*-pentosyl moiety. On the other hand, the characteristic UV spectrum with maxima at 275, 303 and 328 nm was in agreement with those described for isoscutellarein glycosides in *Veronica* L. (Scrophulariaceae) species (Saracoglu et al. [@CIT0045]). Furthermore, the *λ*~max~ at 303 nm in the UV spectrum related to compound **2** would support that this compound derives from isoscutellarein rather than from luteolin having *λ*~max~ around 350 nm in its UV spectrum (João et al. [@CIT0027]). Besides, the sugar moiety (mono-*O*-pentosyl) would be linked to the isoscutellarein hydroxyl group either in the 8- or in the 7-position. Owing to the absence of pure standards helpful for attribution of the sugar position, comparison of compound **2** UV spectrum with literature data (Grayer-Barkmeijer & Tomás-Barberán [@CIT0022]; Upson et al. [@CIT0047]) was diagnostic. Due to a certain disagreement in the literature on this matter, we selected as reference a paper that describes a structural characterization of isolated isoscutellarein 7-*O*-pentoside. The *λ*~max~ values (275, 303, 328 nm) reported for this compound are nearly superimposable in compound **2.** Accordingly, compound **2** was identified as isoscutellarein 7-*O*-pentoside.

Compound **3** in Fr 2 ([Figures 1](#F0001){ref-type="fig"} and [2](#F0002){ref-type="fig"}) exhibited a base peak \[M − H\]^−^ at *m/z* 537 and MS~2~ fragment at *m/z* 375. The *λ*~max~ values of absorption (230, 269, 332 nm) in its UV spectrum are characteristic of a biflavonoid. Furthermore, the overlapping of the UV spectrum of apigenin with those of the biflavonoid derivatives confirmed the presence of biapigenin compounds (Natalizia et al. [@CIT0042]). HPLC-MS is rarely used for full structure characterization, but it provides molecular mass of the different constituents. With this knowledge, HPLC-MS-MS and MS-MS analysis can be pursued for further structure characterization. Additionally, it can be used to determine the occurrence of previously identified compounds, and hence minimizes the effort lost in their isolation (Constant & Beecher [@CIT0015]). It is also employed for quantitative analysis or suited to the identification of labile compounds in solution, such as acylated flavonoid. The highest sensitivity is obtained using ESI in the negative ion mode with an eluent system consisting of an acidic ammonium acetate buffer (Rauha et al. [@CIT0043]).

The major fragmentations helpful for flavonoid aglycone identification are the 0/2, 0/4, 1/3 and 1/4 cleavages represented in [Figure 2](#F0002){ref-type="fig"} and their occurrence depends on the substituent's flavonoid skeleton. We also denote the biflavonoid Retro--Diels--Alder (RDA) fragments similar to the way that flavonoid aglycone is named, taking flavonoid part whose B‐ring is connected to the other flavonoid as part I and the other as part II ([Figure 2](#F0002){ref-type="fig"}).

In a previous study, it was reported that the fragmentation routes involving C‐ring cleavage of flavonoid part I at positions 1/3 and part II at position 0/4 are the primary pathways of amentoflavone‐type biflavonoids, whereas the chances are greater that C‐ring cleavage fragmentation occurs on flavonoid part I at positions 1/3 and 1/4 for robustaflavonoids (Zhang et al. [@CIT0048]). The ESI-MS fragmentation routes of robustaflavone-type biflavonoids had strong similarities and differences compared with amentoflavone-type biflavonoids. Hence, in order to confirm the structure of compound **3** (amentoflavone or robustaflavone) we have purified fraction Fr 2 by a semi-preparative HPLC. This purification led to the isolation of a pure compound (*m* = 7 mg). The comparison of the ^1^H NMR spectroscopic data given in [Table 3](#t0003){ref-type="table"} of compound **3** with those of amentoflavone and robustaflavone reported in the literature (Lin & Chen [@CIT0031]; Zhang et al. [@CIT0048]) allowed the identification of compound **3** as amentoflavone.

###### 

Comparison of the ^1^H NMR spectroscopic data of compound **3** with those of amentoflavone and robustaflavone.

  Carbon    Compound **3**   Amentoflavone         Robustaflavone
  --------- ---------------- --------------------- ---------------------
  1         --               --                    --
  2         --               --                    --
  3         6.76 (s)         6.76 (s)              6.77 (s)
  4         --               --                    --
  5         --               --                    --
  6         6.21 (d, 2.0)    6.21 (d, 2.0)         6.19 (d, 1.8)
  7         --               --                    --
  8         6.45 (d, 2.0)    6.46 (d, 2.0)         6.48 d (1.8)
  9         --               --                    --
  1\'       --               --                    --
  2\'       7.99 (s)         7.99 (s)              7.79 (d, 1.8)
  3\'       --               --                    --
  4\'       --               --                    --
  5\'       7.17 (d, 8.8)    7.17 (d, 8.8)         7.05 (d, 8.6)
  6\'       7.95 (m)         7.97 (dd, 2.0, 8.8)   7.91 (dd, 1.8, 8.6)
  1\'       --               --                    --
  2\'\'     --               --                    --
  3\'\'     6.72 (s)         6.72 (s)              6.80 (s)
  4\'\'     --               --                    --
  5\'\'     --               --                    --
  6\'\'     6.42 (s)         6.42 (s)              --
  7\'\'     --               --                    --
  8\'\'     --               --                    6.65 (s)
  9\'\'     --               --                    --
  1\'\'\'   --               --                    --
  2\'\'\'   7.57 (d, 8.8)    7.57 (d, 8.8)         7.95 (d, 8.8)
  3\'\'\'   6.75 (d, 8.8)    6.74 (d, 8.8)         6.95 (d, 8.8)
  4\'\'\'   --               --                    --
  5\'\'\'   6.75 (d, 8.8)    6.74 (d, 8.8)         6.95 (d, 8.8)
  6\'\'\'   7.57 (d, 8.8)    7.57 (d, 8.8)         7.95 (d, 8.8)

Compound **4** in Fr 3 presented a base peak \[M − H\]^−^ at *m/z* 433 and a significant fragment at *m/z* 301 in its mass spectrum. Its UV spectrum showed two absorption bands at λ~max~ 257 and 362 nm. These data suggested that compound **4** would be the flavonoid quercetin 3-*O*-pentosides. The identification of this compound was confirmed by co-chromatography with a standard.

Compounds **1**, **2**, **3** and **4** ([Figure 3](#F0003){ref-type="fig"}) were identified as quercetin 3-*O*-glycosides, isoscutellarein 7-*O*-pentoside, amentoflavone and quercetin 3-*O*-pentosides, respectively. To the best of our knowledge, these compounds were identified for the first time in *J. phoenicea* leaves.

![Chemical structures of the main identified compounds.](IPHB_A_1230139_F0003_B){#F0003}

Antioxidant activity {#s0015}
--------------------

The hexane, methanol extracts and fractions (Fr1--3) as well as the purified amentoflavone were tested for their antioxidant property using the DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scavenging assay ([Table 4](#t0004){ref-type="table"}). Amentoflavone is endowed with a powerful antioxidant activity (IC~50 ~=~ ~14.1 ± 0.4) higher than that of butylate hydroxytoluene (BHT) (IC~50 ~=~ ~18.1 ± 0.2 μg/mL). In addition, fraction Fr2 (IC~50 ~=~ ~20.1 ± 0.2 μg/mL) exhibited a strong scavenging activity comparable to that of BHT, whereas Fr1 and Fr3 were less active (IC~50 ~=~ ~40 ± 1.2, IC~50 ~=~ ~55 ± 1.5 μg/mL, respectively). Hexane extract did not show any activity with the DPPH method. However, methanol extract has a potent antioxidant activity (IC~50 ~=~ ~28.0 ± 0.1). This activity could in part be attributed to the presence of flavonoid and biflavone compounds: amentoflavone, quercetin 3-*O*-glycosides, isoscutellarein 7-*O*-pentoside and quercetin 3-*O*-pentosides identified in fractions from *J. phoenicea* methanol extract. In this context, it was established that stable flavonoid radicals are obtained when the compounds are acting as antioxidants. The flavonoids function acts as terminator of free radicals by rapid donation of a hydrogen atom affording a phenoxy radical intermediate that is relatively stable (Torel et al. [@CIT0046]; Bors et al. [@CIT0010]). In addition, the antioxidant activity of flavonoids is also linked to their function as chelators of metal ions that are capable of catalyzing lipid peroxidation (Arora & Nair [@CIT0006]). Several studies of the relationship between the antioxidant activity of flavonoids, as hydrogen-donating free radical scavengers, and their chemical structures have been reported (Arora & Nair [@CIT0006]). Mora et al. showed that maximum effectiveness of radical scavenging activity apparently requires the 3-hydroxyl (OH) group attached to the 2,3-double bond adjacent to the 4-carbonyl in the C-ring and an o-diphenolic group in ring B. The flavonol quercetin possesses all these structural requirements and is therefore a potent radical scavenger. *O*-Glycosylation has a slight negative influence at C-7, suggesting a partial role for the free hydroxyl at this position, while at C-3 it has no effect. Furthermore, previous studies reported the radical scavenging properties of aglicons quercetin and their glycosides and of amentoflavone (Ibrahim et al. [@CIT0025]; Mariani et al. [@CIT0033]). Therefore, the determined antioxidant activity of fractions from methanol extract could be related, almost in part, to the presence of the identified flavonoids.

###### 

DPPH-radical scavenging and α-amylase inhibition activities of hexane and methanolic extracts, fractions Fr1--3 and amentoflavone.

  Fractions        α-Amylase IC~50~ (μg/ml)   DPPH IC~50~ (μg/mL)
  ---------------- -------------------------- ---------------------
  Hexane extract   30.15 ± 0.72               inactif
  MeOH extract     53.76 ± 1.23               28.0 ± 0.1
  Fr1              29.2 ± 1.4                 40.0 ± 1.2
  F 2              28.4 ± 1.3                 20.1 ± 0.2
  F 3              34.8 ± 1.7                 55.0 ± 1.5
  Amentoflavone    20.4 ± 1.2                 14.1 ± 0.4
  Acarbose         14.9 ± 1.0                 --
  BHT              --                         18.1 ± 0.2

α-Amylase inhibitory activity {#s0016}
-----------------------------

Inhibition of α-amylase is important for the resolution of type II diabetes (Mariani et al. [@CIT0033]). In our previous studies (Keskes et al. [@CIT0028]) we have established that the hexane and methanol extracts from *J. phoenicea* leaves are endowed with a potent α-amylase inhibition activity (IC~50 ~=~ ~30.15 and 53.76 μg/mL, respectively) ([Table 4](#t0004){ref-type="table"}). The powerful activity of hexane extract may be explained by its richness in terpenic compounds (74.9%), including monoterpens and sesquiterpens. This result is in full agreement with the finding of Basak and Candan ([@CIT0008]) who proved that terpenic compounds cause a decrease in the rate of glucose and postprandial-glucose absorption. These researchers tested the α-amylase inhibition capacity of *Eucalyptus camaldulensis* Dehnh (Myrtaceae) essential oil and its three major compounds: *p*-cymene (68.43%), 1,8-cineole (13.92%) and α-pinene (3.45%). They found that α-amylase inhibition effect caused by the essential oil is superior to that of the three pure compounds tested. These results suggest that these compounds synergy each other or with other components of the essential oil.

On the other hand, [Table 4](#t0004){ref-type="table"} indicates that the purified amentoflavone is endowed with a powerful inhibition activity of α-amylase (IC~50 ~=~ ~20.4 μg/mL) compared to that of acarbose (IC~50 ~=~ ~14.9 μg/mL). In addition, Fr1, Fr2 and Fr3 exhibited significant inhibitory effects against α-amylase (IC~50 ~=~ ~29.2, 28.4 and 34.8 μg/mL, respectively). This result could be explained by the presence of *O*-glycosylated flavonoids and biflavone in these fractions. In this context, previous studies have used a Roman ethnobotanic approach and identified species of medicinal plants used to treat symptoms of diabetes (Hamdan & Afifi [@CIT0023]; Basak & Candan [@CIT0008]). Screening studies of the antidiabetic activity of extracts from these species have revealed that quercetin and quercetin-*O*-glycosides are the primary causes for the decrease of glucose levels in the blood. Moreover, Kim et al. ([@CIT0029]) have found that amentoflavone with the free OH groups at C-7, C-4" and C-4\'\'\' have a relatively important inhibitory activity against α-glucosidase, an enzyme involved in diabetes.

Conclusion {#s0017}
==========

This work is the first report dealing with the identification and characterization of volatile components and flavonoids in hexane and methanol extracts from *J. phoenicea* leaves, respectively. The biological activities obtained for these extracts suggest that this species justifies further study. The results of this study also provide a scientific support to some medicinal uses of *J. phoenicea* in North Africa. The antioxidant and antidiabetic activities could be accredited to the high content of flavonoids and volatile components identified for the first time in *J. phoenicea* leaves by HPLC-MS and GC-MS, respectively.
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